The MML2DS (Minimum Message Length Two Dimensional Segmenter) criterion is 5 a powerful technique for road condition data analysis developed at the Nottingham Trans- 
smaller data sets. The indications are that this approach can be applied to other techniques besides MML2DS.
INTRODUCTION

24
Road agencies collect expansive data sets of pavement condition, forming the backbone 25 of the asset management systems, which are used to identify various performance indicators 26 and maintenance needs. Very often, the data collected is used to fit time series -termed pro-27 gression rates -in order to better understand surface condition indicators, such as pavement 28 roughness and rutting. A road network under study may have many thousands of kilometres 29 of pavement, typically divided into a series of sections: N = {S i |i ∈ {1, 2, . . . , m}}. Each sec-30 tion S is subsequently subdivided into a series of discrete-length 1 chains S i = {C i1 , . . . , C in },
31
where C ij denotes chain j of section i, and data for individual chains would be recorded 32 over a number of measurement intervals, usually years. For instance, a typical chain C j = 33 {x 1 , . . . , x p } would comprise a series of measurements x j , recorded at various measurement 34 periods, over a number of years. Table. 1 gives an example of simulated rutting data for a 35 1800 meter road segment over an eleven year period. The measurements are often subject 36 to noise or errors which, together with issues of unrecorded maintenance, changes in the 37 measurement devices, as well as possible seasonal variation can combine to make the task of 38 estimating current condition, or identifying true progression rates, very difficult.
39
The MML2DS 1 Typically 10 meters, averaged over 100 meters.
Ultimately, the criterion also identifies how data in individual measurements within a group to define initial groups around which progression groups are likely to be formed. Suppose a section with n chains S = {C 1 , . . . , C n } is given, where the aim is to determine 92 the number of progression group models that can be generated for S. The number of chains 93 in a progression group can be set to a minimum k, and let m be the number of progression 94 groups that can be obtained from S. The number of possible progression group models 95 obtainable from S, each with m progression groups, can be given by:
97 Consequently, the number of possible ways of combining at least m chains is given by Ω(m, n):
99 where x/z denotes the integer quotient of x by z. Fig. 2 algorithm is shown in Fig. 3 .
117
As shown in Fig. 3 , given a section S the founder sets S x = {X 1 , X 2 . . . X n } for S are 118 first calculated, where each X i = {C i1 , . . . , C in } is a close set of chains subject to a stated 119 meta-relationship and tolerance, such that S = X ∈S x X . Let N = {S i |i ∈ {1, 2, . . . , m}} be 120 a network under study. R ∈ C × C → R is a meta-relationship for N if there is a least upper 121 bound on R -i.e. ∃τ. ∀S i ∈ N , ∀x, y ∈ S i . R (x, y) ≤ τ. It is also important that R is 122 defined such that τ denotes the strongest possible relationship under R. A close set subject 123 to a given meta-relationship is subsequently defined as follows.
124
Definition 1 (close set) Let X be a set of chains in a section S and R ∈ C × C → R the 125 meta-relationship on the network containing S. For a given tolerance η, where η < τ , X is 126 a η-close set of chains, subject to R, if ∀x, y ∈ X . R (x, y) ∈ [η, τ ].
127
Since founder sets are intended to initiate progression groups, and not replace them, the 128 relationship metric R should satisfy a necessary condition for the formation of progression 129 groups. For instance, if ∀x ∈ C i , y ∈ C j . x = y, but C i and C j share the same mean and 130 standard deviation, it would be very likely that corr 
n } is then generated from S x by considering all re-combinations of
. . , G iq }, and G ik is a union of founder sets.
136
Depending on the definition of R and the value of τ , the number of elements in G can be by the MML2DS criterion in such a way that the cardinality of the reduced set is likely 141 to be considerably less than the number of possible progression group models that can be 142 generated from S. This is achieved by first defining the connectedness of a progression 143 group, which is then averaged over all groups in a progression group model to estimate a
144
'fitness' score for the progression group model.
145
Definition 2 (connectedness) For any progression group G with cardinality k, the con-146 nectedness of the chains in G, subject to R, is given by
where λ is a default value for groups with less than 2 chains, G[i] is the i th chain in G and
Note that since τ is the upper bound on R it follows that for a given progression group G, connectedness of progression groups within it. the first j elements of xs then recursively forms n − 1 groups from the remaining ls(> j).
203
The subsidiary groups are then combined with previous ones to form a group model with j 204 groups, and each group model is subsequently added to the accumulator. for j = 1 to len(ys) − 1 do acc ← (ys j :: temp) end for end for return acc Function: ngroups(n, k, ls, acc) y, compare can be set to either: (i ) x < y, (ii ) x ≤ y and (iii ) |y − x| < for some ∈ (0, 1).
218
The last option generalises the others in that it allows a group to be added if its fitness score 219 (4) is within a defined proximity of those previously added to the queue.
Algorithm 2.3 Maintaining the 'fittest' elements of a list subject to a fitness function f . Function: mtByAux (f, a, xs, zs)
RESULTS AND VISUALISATIONS
221
The framework was evaluated, independently and together with the MML2DS criterion, 222 on simulated data for a number of pavement sections with various lengths, and with prede-223 fined amounts of progression groups and intervention points. Data for each group within a 224 section was randomly sampled from a normal distribution with a unique mean and standard 225 deviation, relative to the other groups within that group.
226
In order to test the framework's ability to reduce the number of generated progression 227 group models, it was applied to a number of sections without any subsequent analysis. The 228 data in Table. 1 was one of these sections. There are two predefined progression groups in Table. 2.
247
As these results show, we were able to discover the expected number of progression groups This paper presented a meta-analytic framework for pre-processing group permutations 297 generated during the application of the MML2DS criterion. While the MML2DS criterion 298 provides a novel solution to the problem of identifying progression rates, the required sharing 299 of data over adjacent chains raised considerable search control issues, which potentially 300 limited its applicability to real-world settings.
301
By applying a relationship that satisfies a necessary condition for the formation of pro- Table. 1. There are two progression groups: (i) from 0 t0 50 meters and (ii) from 50 to 180. The position of maintenance interventions and progression groups are shown in coloured blocks at the left, whereby each block is a group of adjacent 10 meter chains that share the same progression rate.
FIG. 2. Increase in the number of possible progression group models in relation to section lengths. Section lengths are on the horizontal axis while the number of progression group models that can be generated are on the vertical axis. 
